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ST AVAILABLE COPY 



Replacement drawings are submitted for Figures 7 and 8 
changing "E G f luctuation" to "standard deviation of E G 
fluctuation" . 
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REMARKS 

Initially, applicants would like to thank Examiner Hu 
for granting an interview and for his time spent at the 
interview . 

Replacement drawing figures are submitted for Figures 7 
and 8 that change the horizontal label to "standard deviation of 
Eg fluctuation (meV) " consistent with page 44, lines 7-10 of the 
application as filed. Since this description is disclosed in the 
application as filed, the drawing changes are not believed to 
present new matter. In addition, such drawing change is believed 
to address the drawing objection noted in the Official Action. 

The specification has been amended to change the brief 
description of Figure 7 consistent with what is shown in Figure 7 
and to address the specification objection noted on page 2, 
paragraph 2 of the Official Action. 

As to the objection noted on page 2, paragraph 3 of the 
Official Action, applicants have reviewed page 56, lines 4-6 and 
it appears that such passage is correct. However, applicants 
note that any confusion as to page 56 may be because there may be 
two pages 56 in the copy of the specification as filed. 
Applicants respectfully request that the Examiner review the 
official copy of the specification as filed to be sure that the 
copy of record does not contain duplicate pages 56. If an extra 
page 56 is present, it should be removed. 
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Claims 71, 75-80 and 121-128 were previously pending in 
the application. Claims 126-128 are cancelled and new claims 
129-131 are added. Therefore, claims 71, 75-80, 121-125, and 
129-131 are presented for consideration. 

Claim 71 is amended to address the claim objection 
noted in the Official Action. 

Claims 71, 76, 77, 79, 121, 124, 125 and 127 are 
rejected as anticipated by DOMEN et al . 6,555,403 and claims 75, 
78, 80, 122, 123, 126 and 128 are rejected as unpatentable over 
DOMEN et al. in view of RAZEGHI 6,459,096 and/or applicants' 
disclosed prior art. 

Reconsideration and withdrawal of the rejections are 
respectfully requested because the reference to DOMEN et al. does 
not teach or suggest that for which it is offered. Specifically, 
as set forth at the interview, Figure 16 of the present 
application does not show that the macroscopic and microscopic 
fluctuations have any particular correlation to each other. As 
pointed out at the interview, it is a depiction of the claimed 
embodiment . 

As pointed out at the interview, DOMEN et al. use a 
micro-photo-luminescent measurement to measure macroscopic 
fluctuations. Such micro-photo-luminescent measurement is 
inapplicable to measure microscopic fluctuations. Microscopic 
fluctuations are measured from the dependency on photo- 
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luminescence life-time. See page 58, lines 7-14 of the present 
application . 

Applicants assert that DOMEN et al . teach a peak 
wavelength distribution of macroscopic fluctuation and that such 
distribution is obtainable from a measurement that corresponds to 
the illumination mode (I-mode). 

On the contrary, microscopic fluctuations as recited in 
claim 1 and as disclosed in the present invention are measured 
using the illumination correction mode (I-C mode) . As set forth 
on page 60, line 3 through page 63, line 4 of the present 
application, a relationship is set forth such that a dispersion 
degree of thermal carriers may be estimated by varying the 
measurement temperature so that the microscopic fluctuation, 
corresponding to the I-C mode measurement may be obtained. 

Applicants submit herewith two articles that may be 
helpful in understanding the present invention and discerning a 
difference between DOMEN et al . and what is recited in claim 71. 

As seen from these articles, there is a difference 
between the PL wavelength distribution and the PL intensity 
distribution at I-C mode and I mode against the same specimen and 
in the same area. Accordingly, the peak wavelength distribution 
of macroscopic fluctuations of DOMEN et al . is substantially 
different from the standard deviation of microscopic and 
macroscopic fluctuations as recited in claim 71. 
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Applicants note that the articles are not prior art and 
are submitted only for a better understanding of the context of 
the claims . 

RAZEGHI is only cited for the features of some of the 
dependent claims and does not teach or suggest the standard 
deviations of micro fluctuations being not more than 40 meV as 
recited in independent claim 71. Therefore, each of the claims 
pending in the application are believed patentable over the 
proposed combination of references. 

Support for new claim 12 9 can be found on page 57, for 
example. Support for new claim 130 can be found on page 60, and 
support for new claim 131 can be found on page 58, line 7 through 
page 60, line 20. New claims 129-131 depend from claim 71 and 
further define the invention and are also believed patentable 
over the cited prior art. 

In view of the present amendment and the foregoing 
remarks, it is believed that the present application has been 
placed in condition for allowance. Reconsideration and allowance 
are respectfully requested. 

The Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
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overpayment to Deposit Account No. 25-0120 for any additional 
fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17. 

Respectfully submitted, 

YOUNG Sc* THOMPSON 



Liam McDowell, Reg. No. 44,231 
745 South 23 rd Street 
Arlington, VA 22202 
Telephone (703) 521-2297 
Telefax (703) 685-0573 
LM/lk (703) 979-4709 
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APPENDIX: 



The Appendix includes the following items : 



- Replacement Sheets for Figures 7 and 8 of the drawings 



w 



Recombination mechanism in low-dimensional nitride 
semiconductors" article 



- "Discrimination of local 
recombination processes in an 
structure by a time-resolved 
optical microscopy" article 



radiative and nonradiative 
InGaN/GaN single -quantum-well 
multimode scanning near-field 
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Scanning noarfield opocal introscopy (SNOM) has been developed to the rccombi^uon mechanism in low • 

duneruiaaal r**ido M «Icomto«o« by employing sparial „d temporal pho.olun™ 5C ««^S^S B uLX" 

llu^rion^oUeeoaa sit cryogenic temoar.ru res- Tbe afield PL ir n» g .s U ■» fa^^SLtS 
<SQW> swu «ure revved th^variMior, of both intensity wd peak energy Lording to £ p^TuS KStSKSE 
tew <h» . few ten. , fa r^vomcicr. 7h» PL. the IfaicwM* of which w« Short 6WV r^^^c 
»«• "\«*» P«* w£ A the lineuddib of about 12 rocV if the SNOM-PL ^^^^^^^ 
of 30 am. Clear S j* Qb1 correlation w« observed betweea PL iaiensicy M d PL peak-phoiS!^^ 
stnmg PL intaashy correspond lo tKop. of low PL p^ph^^L-Q,. Tb^of^ri^^r^d^h^^f 
Huportant role of oxeltoa/carrier local****, in the reeoiabfrurior, -eegusm in In.Ca.^S^^^S^i* 0 

Kcy *°5^ ! ^^^2? ™^r^. rt<le *^"*»«?«. <P**"*m wells, pc^otial fluctuation, xc^g afield 
optical microscopy. PL making, Iiftomc mapping, exciton localization * uw 
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1. INTRODUCTION 

K^ntdaveiopmcnu in ihc growrfc technology of In,G*, ^N/GaN/AlyCSa,^ hcterostrocciies have lediotl* mali^riA^ 
of iqcandescefii violet -blue. $re«i and » TO ber light •mlnfins diodes <LEDi> » J m^hH ^ Ei ^P?? «2 

opcr*ed ton, ^violet (370^) <o^c ^BO^O^ 

piozoelccme fid4s and/or by potential fluctnation* » M*ematicaUy ill usmnca ic Fi* i » suck LrZST^r 
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rem dng in ft s^oag reduction oftho oseilUur strength for larger weulidd, ^ 9,1 "°* b0,C 
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fqMcaxod UBD$ show JubicwinaLly high eX£>rnaI quantum offidencv ^ tt% a « * B * 1 JT L X " 4 ™^* a 

aecount for such phonomwa lumine scence dynamic of an InGaN quantum wall stneturs. The first «MfanAH 
iaSTlS'^wSlS? 11 ^^'^^^^ cnp^/fiijiuiJwcc.kyoto.u.ae.ip: w^a- * 8 1.75.7S3- 
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XSSS? ^i^!!!^^ Op^ertronlc Oevtees Xi, rwtafftk OsfrtsW, Wfoshi Amaru 



2 



4 



f 04 08/19 21:05 FAX 03 

04-08-1 9 ; 02 : 32 PM 



3404 



5748 

G 



UNIVERSAL PATENT BUREAU 



2004* 



12663 

10444317509 # 4/ 

6*188 C*> 1 0'29X%?110 : 2B/3»M4e01 1 04000 p 3 



19 





growth direction 

(a) 



in-plain of InGaN QW 

(b) 

Fj£, I (a) Piezoelectric field induced in liuGa^N/GaN QW grown toward C-axi*. (b) Potential fluctuation induced by 
inhon^ofcy of Indium distribution within InGa* QW. 

incorporation of In to Ga*sice is offecdvo for suppressing nonradiaiive lecombiiudon centers related to point defects? 
Another «jnc is ifcc effect of exciton loealizarion Induced hy compositional fluctuation of In, whore the pathways ©f 
nonradlative recombination centers are hindered once exciion* are captored at potenria] ininitnaJ w Nevertheless* ft 
very important for the fUrUW Improvement in amission efficiency to correlate radiaci vc/nonradiati vc recombination 
piocettts wilb micrD/n3muoopio structure* as shown in Fig.2, and to make a posirivc-fccdback to the design and die 
fabrication conditions of GaN-based LCDs* 

A number of reports havo rocendy been appeared on iho spatial mapping of lumtncaeenos in &),Oai A N siiutto 
qwtum.-welb (SQWs) by ca^c^lariaescera (CL% lfrK or by photrturjiiucscancc (PL) using ranning-neVWd 
optJcaJ microscopy (SKOM).'^ Vertikov et al. performed the SNOM-PL mapping in chin In,Ga M N/GaN cpflayers and 
QW4 with the spatial resolution of 100 fcm 1 . Figure 3 depict* die three types of confitoiradon used tor SNOM-PL 
mcaswrnents. The most of SNOM msultt were obtained wing homobuilt illumloadon-mode system where the laser 
Wa » Reused into a few Hundred nm 3 spot throuch the SNOM dp competed of iapen=d opdeal kber and die PL 
specm were probed by objective ten*. A drawback of such a system is that it is v C ry difficult to know whether excitons 
anaYor earners producing PL arc directly photc fi enarattd at the probe region or they are diffused from outside 95 can be 
undwscood from Fig. 4. The most of SNOM resales wr« obtained using iUwi^adoiwnodc syatem, which is wr 
difficult to taow whether exctons and/or canien producing PL aro directly photo-generaied ai the probe rocion or they 
are diffused from outside. This problem can be overcome by means of iUumination-eotlection mode developed 
recently for chc assessment c f wjdegap semiconductors where phouMNtcitBtion and che PL probing are »srfermed 
using dye samo fiber dp becau<o the spatial resolution is solely limited by che diameter of aperture forrned at the tip of 
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Ftg.2 Schematics of radiative and nonradtaive 
recombination dynamics in semi conductors. 
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Mlftcoafta-^^Un* AU«4e^« " P m obtatoed fry applying tfa. mectmnW! impact « n a *uitfcbl* 
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of wavelength shifts between 4«=100 W/em 1 and I fcw/cm' 10 /jm 

da» point,. ««=^W«h= iLktaLj fr*S^lW^^K/f™^ ,1CW f ^^^^ K>wor for 

m«MityO^H. »id for Ite strong fare* ricy refiioiu (w«^Tm L?^!^ ^ 2S* of PL noximum 

P«k«n-rsy fcenasos with inking caution iwwlrtESL *. , ^rUrger value 0>an 75* of 1^. Thtf PL 

Howover. <be blue sUft U larger A ^Sk^SSS£ *,£ X' ™ ^ 088,00 "S*"** »gton. 
fauenrfcy. TJiftw results can be «pl«ined b»T^Sn? *2 a J • ^ ™«»«y r«j*,n for d» we cxctaSon 
fact***, tacaJirrfoa d^.ilSZre &?W*t^.£^ ° f ° f IocaUzcd l»vcU d«™Tw^ 

probe *nd «ho ,hape is differcm to^SSffrS^^?^ £ ^* 4att11 fiber- 
o»c fifth of macttrfcoplcPI. taSJUS ™rtO ^SSl ^* '* meV - TO« vita* is 

» t r . 4, CONCLUSIONS 

ofo5wj«,a/carricr localization Q ynarni« was assessed spioWy &*d t-mporaUy. indi^g ^ i^p^. 
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Discrimination of local radiative and non radiative recombination 
In an InGaN/GaN single-quantum-well structure by a time-resolved 
multirnode scanning near-field optical microscopy 
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Ntchla Catporatieo* <9J Oka, Kamlnaka, Anon, Thkushlma. 774-8601 Japan 
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• 

Precise identification of recombination dynamics based on local, radiative, aod nonradiative 
leoombination has been achieved at room temperature in a bluC'light- emitting Tn^Gaj _,N/GaN 
su^0a-quwura-wen srnicturc by comparing the pboiolumJnescence (PL) spectra taken by 
iHumtnatioft-collccrion mode (I-C mode) and those by illumination mode (I-mode) in scanning 
near-field microscopy. The PL data mapped with PL lifetimes, as welt as with PL spectra* revealed 
that the probed area could be classified into four different regions whose dominating processes are 
(1) radiative recombination within a probing aperture, (2) nonradiative recombination within an 
aperture, (3) diffusion of photo generated excitons/carriers out of an aperture resulting in localized 
tominesecnee. and (4) the same difruxion process as (3), but resulting in nonradiatxwc 
recombination. C 2003 American Institute of Phyjics. [DOT: 10 J 063/1, 162067?] 



Very brigit bluMight-ernitti ng diodes (LEDs) have been 
developed recently, since tho breakthrough of growth tech- 
nology- of InrOa^ _ jjN/aaN/Al^Oa , .^K bctcrostru cturo b. 1 " 3 
In spite of high threading dislocation density 
(10 a — 10 10 cm" 1 ) in GaN epttoyers grown on sapphire sub- 
strates, an external quantum efficiency ( v**d °^ about 20% is 
now commercially available emitting In a spectral range 
from violet (400 mm) to blue (465 run)/ Two models have 
been reported so far to elucidate the emission phenomena 
occurring in the GaN epilayers. The first explains that incor- 
poration of la to- G» site la en effective process for suppress- 
ing nonradiative recombination centers associated with point 
defects. 9 Another one concerns the effects of exciton local- 
featsan that is caused by composition*) fluctuation of In; the 
pathways of nonradiative recombination centers are hindered 
once exciton* ace captured at potential minims.** 7 

We have recently reported about tho spatial distribution 
of photolmjunesccncc (PL) in an InxCai^N single* 
quftintuTD^weil (SQW) in a study employing scanning near- 
field optical microscopy (SNOM) under iltumirarion- 
coUeorlon mode (l-C mode) at 1 8 K." 

In I-C mode, the pbotpexcltation and die PL probing are 
accessed through the same optical aperture aithe apex of the 
fiber probe; thus* the spatial resolution is limited only by Its 
size. 9 ' In our specific case* we could achieve a resolution of 
about 30 nnx On the contrary, the csajrvcotionat Uluniinacion 
mode (I-mode), where the photoexeitation is given through 
the fiber tip and the PL signal is collected by objective lens 
in far-field configuration, h characterized by lower optical 
resolution. Use observed spatial resolution depends net only 
by the optical fmerture, but also by other factors. For ex- 
ample, higher carrier mobility in the vicinity of the tip win 



■'Electronic mail: kmnsta^g^lwJa>caJcyoto*aacjp 



induce radiative recombination processes also' in regions not 
directly under the probe, This signal will be not detectable in. 
I-C mode, but vicible by a rW-fiold detector of an I-mode 
configuration. However, a disadvantage of I-»C mode it that It 
is difficult to assign the observation of weak PL intensity to 
a nonradiative recombination process; or to a diffusion- of 
photo-generated carriers outside the area of detection of the 
fiber probe. This is critical for the measurement- at room, 
temperature because the former process cannot bo neglected, 
unlike at cryogenic temperatures. Focusing on these optica] 
configuration problems, and understanding the importance to 
collect different signal simultaneously, we set up a $KOM 
apparatus able to operate simultaneously in oruUxple modes, 
I-mode. aod I-C mode, and designed to probe rime-resolved 
PL (TRPL) spectra in both modes* The multiple measure-' 
meats taken in this way allowed us to map the PL signal at 
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3 'v togei token Unrfsr I-C mode (*) ted I-niodo 

Q» probed Willi double top*** fiUr (aperture lire u 200 an In dtuMur) »t 
RT-Thc excfefttioo power density i> 24 LWW under cw condsUeft, Tho 
«MBliog nc» If 4 pmMiMtn wflh proWoE ttep of 10a nm, TI« PL ku«- 
tdy u oAfmalsEod Co unity. 

high resolution and wb oould clearly discriminate radiative 
and nonradiative processes m In x Ga |wX N-bascd semiconduc- 
tor*. 

The temple is composed of a sapphire (0002) illustrate, 
ft undoped<feN, a 3-njn-thick tn,Ga,_ x N-$QW 

active layer (Jf~about0,2) and a 5-«m-thick uodoped CaN 
layer. Macroscopic PL peak fe located at about 460 nm at RT. 
A schematic experimental setup is shown m Fig. 1. The me** 
suremcnts were performed with NFS-300 near-field spec- 
trometer developed at JASCO Corp. The capered structure of 
fiber probe la tabrieated by etching using hydrofluoric- 
buffered aohxtjoo. 9 An In^Ja, -,N-b*scd laser diode emitting 
at 400 run (developed at Nichia Corp.} was used as the ex- 
citation source of cw PL. The cw PL signal wa« introduced 
into a 50-cm monochromator, and iheo detected by a liquid- 
nJtrogen-CQOicd CCD detector (Roper Scientific. Spec- 
10:I00B/LN). A xrcqueacy-doubled, mode-locked Al a O,:-n 
laser emitting at 400 nm with the pulse width of 1.5 ps waa 
used as an excitation source. A £txr»k camera (Hamamartu 
Photonics, C5680) was used as a detector. The measurements 
were performed at room temperature. 

Wgura 2 shows spatial distribution of PL peak in ten shy 
under l-C mode (a) mad J-mode (b) taken in die same scan- 
ning area. Concerning the I-C mode measurement, it waa 
found that relative PL intensity fluctuates from 0.2 to 2.8, 
consisting of island like structure* within the range of ap- 
proximately 03- i /on. On the other hand, in I-modo mea- 
surement, relative PL intensity fluctuate! from 0.1 to 2,7, a 
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FIG. d. TImmiegimted «=a*fiald PL faUuity beige* t^aa under I-C 
mode <g> ud l-mada <*>) probed with ringjo tnperod filer (pttj« SIO, , fttt*. 
to* f P* J 200 am ia dWtei} «t JtT. Tie «xciutioo newer dmaryfe 
5 - 5 M"cm* UAdtf pulced auditigo. The domains «rt* i» XV *mx*,7 ^m* 
with the probing jt«p of 100 nm. The PL intensity i* posnsUzcd to uafty 

value larger than that of I-C mode. Our SNOM apparatus. , 
regulates the sample-probe separation, with, « shear force 
(SF) system, 10 SF signal assessed in situ during the SNOM 
measurements shows that the root mean square of surface, 
roughness i 5 as small as 3.1 nm, and that there is no corre- 
lation with PL intensity signal within tho sctuttung area of 
4 MtnX4 Am, In Figs, 2(a) and 2(b). we show the l-C mode 
and I-roodc maps obtained simultaneously on a certain area 
of our sample. The two images present quite mtsresting dif- 
ferences. We can notice the presence of weak PL intensity 
domains in I-C mode (indicated by tho arrows) that appear as* 
high PL intensity in I-modc. Other regions appears to remain 
unchanged if observed in the two modes. This behavior can 
be explained as follows. In the case of domains that appear 
of weak PL Intensity in I-C mode and turn out a» high PL 
intensity In Lmode, we believe that the carrier and/or ekciton 
that arc photogeneraied directly under the optical aperture of 
the probe, arc diffused and localized to out of the I-C mode 
probing area, but they remain in the range of tho fhrifleld 
I-modo detector. 

In the other case, the photogenerated carriers and/or e*> 
eitons do not migrate further than tho J-C sonde probing rc- 
gton. they are presumably captured at nonra^iative recombi- 
nation centers, origin of which are related to micnoeoptc 
dislocations and/or to nanoscopie point defects. A cross- 
sectional profile of PL intensity along the white line in Fig 
2(a) is plotted in Fig. 3. The full width at half-inaxtamai ofa 
Gaussian fitting result of this pronto is 5S0 nm; therefore, the 
diffusion length to radiative recombination center is at least- 
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TABLE L Wi clasirfiotf the carrier eVtamlci oWvazma ofFfe. A to four diifcmi b*h*vi« 
WWMtod by the ftwr point* (M*C wd d) fa ihh ttoltt 



^ (as) r. 



b 
c 
d 



Weak 

Strong 
Strang 
Weak 



(0») 



StioDg 

SlfQfig 

Weak 



21. 1 
15.0 

9.0 



QJP41 

OJ64 
0.552 



275 nm Id this Am, ft it interesting to note that the similar 
value is reported by Chsm * at as the diffusion length in 
XnGaN-based quantum itructufcs using cacbodolumincscencc 
spectroscopy technique 11 

Figures 4(a) and 4(b) show the time-integrated PL- 
intensity mapped Id LC mode and I-modo, respectively 
TOPXr ww detected at four different positions that are Indi- 
cated with the letters (a)-(d). These positions were selected 
a* representative of fbur different behaviors: (a) relatively 
weak PL intensity in i-C mode while stronger PL intensity in 
I-mode; <b) opposite situation to the case of (a); (c) relatively 
sa*ong PL intensity in both modes; and (d) relatively weak 
PL Intensfty in both modes, ft was found that the PL lifetimes 
y*0 ™def hC mode ore always shorter than those in 
l-mode. The difference is significant for the data at (a), 
where t pl values arc 0.541 and 1 .553 ns, for I-C mode and 
I-mode, respectively, The PL llfetimo in I-C mode (r^) is 
l^c B ^«i+I/w+l/r (lwl where and T flrad 
are radiative end ntfnmdintive lifetime*, respectively, and 
W MpiescnU the lifetime of earner transfer iron the area 
directly under the tip aperture (within the J-c mode probing 
range mode and T-modc detection arc both possible) and 
a region 'external to tt (in this case, only I-mode detection is 
possible). Since a PL signal is detected in fer-rtcld confin*. 
radon under P-mode. die term of i/r^ can be neglected; 
the PL lifetime under Isnodo (r ?l ^) is expressed by Ur^ 
r^vT"* + ,/T ~*™a- PL «ntonsicy mapped under I-mode [Fig, 
4<b)] represent the spatial distribution of internal quantum 
efficiency. According to the temperature dependence of mac- 
rascopio PL meafiirements. ft was found that the internal 
gaiitum erfideney of (bis sample is nearly unity (more man 
at temperatures less than 50 K, 1 * Consequently, the 
attribution of PL intensities from 0.1 to 2.7 at RT corre- 
sponds to values nosing from 3.4% to 22,7%. Since the 
* ta value is expressed by 7^- t- OTOfid /( TrBd + T|tawl ), .11 re- 
combination lifetimes can be calculated using the experimen- 
tal data as i shown, io Table L» It is evident that the shorter 
lifenane of TfMa probed at position (a) is due 10 a small 
******* 0*83 na term. TWa transfer process is probably caused 
by cMitooAwrier localisation centers that are local potential 
mirinna distributed m the proximity of the bp, but external of 
me I-C mode probing, range. This idea is confirmed by cx- 
amuung the time integration of the PL peaks, in the case of 

praftpo w thff too intcflitcd peak is located at u\ 4 nm 

(*» evj under *c mode, while it is at 464.2 nm (1670 

eV) under I-modo, ^ 

In toe point indicated with (b), relatively weak PL inteu- 
aity tn Jmsa , s caused by a transfer process to nonradiativc 
rcct^inauon center, distributed in the region external to 
the I-C mode pcobtng, as It is indicated by die small r_ 

=0.79 ns, concerning the point in <c>, the strong PL i£en- 
Downloaded 13 Aug U04 to J2i 1.63. SUd*.t,rb v u 0 « »ubj«i 
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stties in both modes are due to radiative reoombjuaauons that 
niainly take place within the aperture, as shown by a Targe 
value of 7^-87.1 na. Moreover, in the position ft), a 
weak PL intensity in both modes is due by large density of 
nonradiative recombination centers distributed within and' 
outside of the aperture range. 

Based on the dynamics just described, the transfer,, ra- 
diative, and nonradiativc processes taking place are repre- 
sented in the scheme of Fig. 5. Radiative and nonradiativc 
recombination centers are present all over the- sample. How- 
ever, their densities is mhornogeneaus. Higher density of ra> 
diative recombination domains act as attractive centers for 
photogenarated excttons/carriers. Potential energy was esti- 
mated by the mapping of PL peak; in Fig. S. the dotted lines 
represent regions where the potential energy is higher* These 
high-energy lines form a potential ridge that presumably 
would simplest the carrier/oxciton diffusion, creating the car' 
Her dynamic we observed. 
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